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ABSTRACT

The design of a 90mm BAT weapon system to fire a T119 type
projectile weighing 12 pounds, has been completed. The proposed
weapon is illustrated and its ballistic characteristics are discussed.

The use of a multiple-position bias angle system for extending
the useful range (range for which mismatch is within reasonable
limits) is presented. Calculations are summarized for several
specific cases.

The mount and remote control firing system for the ONTOS vehi-
cle have been completed. The assembly is illustrated and the re-
mote control operation is described.

The data are presented for an evaluation study of an M5 propellent
using a T170EI rifle and a TlI9Ell projectile.

A preliminary study was made of the trajectory of the T119EII pro-
jectile close to the gun muzzle. The test results are presented and
discussed.

Twenty-six rounds of Tll9Ell projectiles with zinc ogives were
fired to evaluate the strength of the ogive and to establish the ac-
curacy of T1l9Ell with this ogive. Range data are given.

Three modifications of the T171 projectile were fired for ac-
curacy at a 1000-yard range. The projectiles are illustrated, the
range data are presented and the test results are analyzed.

In the penetration program the scaling studies were continued.
The studies are based upon sharp apex cones scaled in accordance
with charge diameters of 2. 5, 3.0 and 3. 5 inches. Data for scaling
the effect of standoff and rotation on penetration are presented.

A test was conducted to determine the functioning of T267E14
base elements. Although the superquick functioning of this fuze
is satisfactory certain changes in the delay element appear to be
necessary and these are illustrated.

1
CONFIDENTIAL



CONFIDENTIALI;

THE WEAPON SYSTEM
Ultimate BAT System willjproduce a muzzle velocity of Z200 fps

and a rnaximrun pressure of 15, 000 psi with
The requirements for an ultimate BAT a-T2"Tb_.projectile. Thelengt Lpro-

system and approaches to attaining these 7jetile travel required, from interior bal-
requirements were discussed in the Thirty- Il9tE'i calculations, is Ill inches. The
Third Progress Report. The approach pressure-travel and velocity-travel curves
which has been selected for immediate as obtained from interior ballistic cal-
action is the development of a 90mm rifle culations, are shown in Fig. 1.
which will fire a 12-pound TU19_ _ye pro-
jectile of 200tfl s. Design Considerations
This weaponFig. 2, appears to be a rea- ,
sonable compromise of the requirements The 90mm rifle has been designyd tofor accuracy, penetration and weight, withstand a pressure of 23,,5_0_Qpsi. Two

chambers with different contours have
Ballistic Characteristics of the 90 mm Rifle been designed to study the effect of cham-

ber configuration on recoil. Figs. 3 and
The rifle has a chamber volume_o a'p-_ 4 are drawings (DRF75 & 82) of the two

proximately 400 cu in. Interior ballistic chamber contours to be evaluated. A
calculations IE 5gt~e .acarge of 7 lb. smooth bore and a rifled tub b are eing
14 oz. of M.PIO 044-inch web propellent m_ Zrf 8 . . ..

6Y ...... .....! i..... ...................

1'2 ..' ..... .. -------

i . . . . r , .- l- + . . .. .. . + . ... ....,.-.. ..

f 1E.. ... ... . ..... .............. ......... z ...

...... .... ..................

...... . . w
Fig. I. Pressure-Travel and Velocity-Travel Curves.

For 90 mm BAT Recoilless Rifle.
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CONFIDENTIAL
Spotting Bullet elevating mechanism.

The Thirty-Third Progress Report dis- A more practical type of variable bias-
cussed the use of a 20mm spotting bullet ing device appears to be one which will
and presented a theoretical example which provide for two or three bias angles. The
produced a satisfactory match with a 90rm bias angles selected for this device would
T119 type projectile. Further efforts have produce reasonably small mismatch with
been made to improve the spotting rifle overlapping ranges. The gunner would
as a range finder from the theoretical con- be required to estimate the range of his
siderations, target so as to select the proper bias

angle. If the bias angles were such that
For the interim BAT weapon the .gt the ranges for each could overlap ap-

ing bullet has been matched reasonably preciably, the gunner's estimation of
well with the major caliber project"ie at range need not be too accurate.
range _ 1u Zo2_00 but beyond this
range the mismatch has become unrea- The caliber .60 API-T has been pro-
sonable. It has been proposed to use some posed for use as a spotting bullet. Cal-
sort of device with the BAT weapon sys- culations have been made to determine
tem to provide a variable bias. A con- the bias angles required from 400 to 2000
tinuously variable bias presents very yards to obtain a mismatch of less than
difficult mechanical problems when firing 18 inches absolute with a 90mm T119 type
at elevated targets (from a valley to a projectile and this caliber .60 bullet.
hilltop). The elevation angle used when This type of relation was determined to
firing at elevated targets would be dif- explore the feasibility of using a variable
ferent from the true elevation angle re- bias of the two or three position type with
quired to obtain the true range. The bias- the caliber . 60 bullet. Fig. 5 is a graph
ing device would then not be able to pro- of bias angle vs. range for the caliber .60
vide the correct bias angle for the given API-T bullet fired at 2920 fps and the
range if the device was connected to the T119 projectile fired at 2200 fps. The

7774111Tmm 7119,i~ C1
- mm _29 C22  6685, U o -2200It /Sec

4 Cal 60API- T, CS 366, . o2920 ot/s r .

i 1

SP T

1-........ ....

T, L 7 I

1 , 2 400 . t ...

Fig. 5. Bias Angles.
For Mafthing Trajsecories of 90 mm, TI 19, and Cal. .60 API.T.
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graph shows that this caliber .60 bullet fps . Although more range overlap is
could not be successfully used with T119 desirable the mismatch is less than 18
type projectile under consideration, since inches absolute from 400 to 1030 yards
too many bias angle adjustments would be using a bias angle of -2. 65 mils and from
required to stay within the 18-inch mis- 1000 to 2000 yards with a bias angle of
match range. -3.60 mils.

Fig. 6 is an example of a two-position Fig. 7 shows the bias angles for mnatch-
bias. The caliber . 50 T189 spotting bullet ing the trajectory or obtaining less than
is fired at 2710 fps with a 90mm T119 type 18 inches absolute mismatch between 400
projectile having a muzzle velocity of 2200 and 2000 yards using a caliber *50 T189

I- - I - 9OMMTlI19, C2 2 6685,U0  20t

4 Cal .50 T189,C 5 = 502, UO 2710ft/see 77
ih: I I t

-1 0

I~~~a An te- .Ange.m11si

0J6O i~~~f~oL

Fig.3 .s B0sAnls

1 mm0 601 ME=685 0 .20f/.

Fig. 7. Bias Angles.
For Matching Trajectories of 90 mm. TI 19 and Cal. .50, T189.

J7
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spotting bullet scaled up to caliber . 60 It has also been proposed to increase
and fired at 2470 fps. For less than 18 the muzzle velocity of the 90mm T119
inches absolute mismatch, one bias angle type projectile to 2400 fps. Figs. 9 and
of -1. 75 mils can be used over the entire 10 present the bias angles and mismatch
range . as a function of range for this major cali-

ber muzzle velocity using the caliber . 60
Fig. 8 shows the vertical mismatch T189 type spotting bullet fired at 2705 fps.

as a function of range for the bias angle A bias angle of 1. 58 mils can be used to
of -1. 75 mils using the caliber . 60 T189 give a mismatch of 18 inches absolute or
type spotting bullet and the 90mm T119 less, from 400 to 2000 yards.
type projectile fired at 2470 and 2200 fps,
respective ly. The above mismatch calculations in-

O--*h9mm, T119, C 2 . 66 85, U. 2200 ft /Sec
t. Cal 60, T 189 C5  6024, U0  2470 ft/sec

+7 ~ Bias Angle 1 75 mil
7 .

8  1 -T -- ----

T- -

Fig. 8. Vertical Mismatch As a Function of Range.
For 90 mm, T 119 and Cal. .60, T189.

- *--{1; j ; Tm 119, C2 2 :6 685, uo 2400 it /Se]
Cot 60 T189,C 5 - 6024, U. 2701tt/ej

I 14-1.

Fig. 9. Bias Angles.
For Matching Trajectores of 90mm, T119 and Cal. .60, T189.
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,~~ 90rm T119, C2 .. 68,U 2400 ft/sec.

. 4 ..- Col 60 T189, C5 --602 4, U0  2 270 5 ft /sec. -

1. T

12~ 400 6000 ......

Fig. 10. Vertical Mismatch As a Function of Range.
For 90 mm, T 119 and Col. .60, T189.

valve only the vertical mismatch. The imize mismatch with respect to muzzle
problems of horizontal mismatch are under velocity and bias angle. Siacci functions
consideration at the present time. were used to calculate the firing tables

required for the mismatch and bias angle
The Ballistic Research Laboratories calculations.

method of least squares was used to nin-

9
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ONTOS Mount and Firing System or close the breech or to fire any rifle

he wishes without leaving the firing panel
The mount and remote control firing inside the vehicle. The control mech-

system for the ONTOS vehicle, under anism is housed in the control panel which
development by this division for the past is approximately 6 in x 8 in x 12 in. The
several months, have been completed. power required for this control system
Fig. 11 is a photograph of the system which is supplied by the 24-volt battery sys-
is scheduled for shipment to Aberdeen tem of the vehicle.
Proving Ground for testing during the
first week of August, 1953. In order to maintain the overall height

and width of the previous ONTOS systems
This system mounts six Tl70E1 rifles, it was necessary to design a new rear

a cluster of three on each side, on the spotting rifle bracket and sight mounting
ONTOS vehicle. Each weapon is equipped pad. The new two-piece bracket is shown
with a spotting rifle and each weapon unit in Fig. 12 where the original bracket is
is clamped to the trunnion bracket by a also shown for comparison. This bracket
quick-disconnect similar to that used provides for quick removal of the sight.
on the BAT mount. The remote control
firing system permits the gunner to open The design of the electrical firing sys-

1v1

Fig. II. ONTOS Firing System.

10
CONFIDENTIAL



CONFIDENTIAL

TWO-PIECE BRACKET TWO-PIECE BRACKET
ORIGINAL ASSEMBLED,
BRACKET

Fig. 12. Rear Spotting Rifle Bracket and Sight Mounting Pad.
Original Bracket end New Two-Piece Bracket.

tem has the following features: as part of the lower half of the quick - dis-

connect bracket. By means of a selector

1. Permits the use of standard BAT switch on the control panel either the

weapons. 105mm or caliber. 50 rifles may be fired
and the gunner may fire any combination

2. Provides a means for closing the of the six 105nm rifles and the caliber .50

breeches from inside the vehicle, rifles.

3. Provides a reliable means of firing Indicator lights are so arranged that

the 105mm rifles in any combination of 6. when all breeches are locked, ready to
fire, a red light, comes on for each in-

4. Provides a reliable means of firing dividual rifle. If no firing is done and

spotting rifles in any combination of 6. the breeches are opened to the half-cocked
or safe position, the red lights go out and

5. Provides an indicator system which green lights come on (when the breeches

lets the gunner know which 105mm rifles reach the safe position).

have been fired.
The indicator system, for determining

The rifle breeches are closed by a Lear when a 105mm rifle has fired, is operated

Inc. linear actuator which is fastened by a blast switch fastened to the rear

to the main trunnion bracket. It is so of each rifle breech. If a 105mm rifle

arranged that the breech is closed man- fires the blast gases emitting from the

ually to the half-cocked position. From vents close the switch which turns off

this position all six breeches are fully the red light and turns on the green, in-

closed or opened to the half-cocked or dicating a safe rifle. Thus, at any time

safe position by the linear actuators. As during a firing sequence the gunner may

a safety measure all breeches operate tell which rifles are still loaded by count-

together. ing the red lights still showing on the panel.
The number of green lights showing in-

Firing is accomplished by a Lear Inc. dicate the number of rifles fired.

rotary actuator which is incorporated

11
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Evaluation of M5 Propellent A charge_ of 7 lb-l34 oz ofPA30252 C0)

gave-(for 9 rounds, Rds, 30-38, Table I)
A firing program was conducted to an aver age muzzle velocity, of1632 fps

evaluate an MS propellent for use in the with a chamber pressure of 10, Z00 Zsi
T170E1 rifle with the Tll9Ell projectile. M-3 Cu) or 14 00-fps higher pressure
Table I contains the firing data and Figs. at 33 fps lower velocity. The temperature
13 and 14 give a graphical summary of coefficient was 1. 29 fps/ OF for the M5
the data. _pzrppellent. and 1.31 fps/°F for the Ml0.

This difference is well within experimental
Thirty-eight rounds were fired using error.

proof slugs, DRC510, shown in Table I,
and using RAD16415 (M5) and PA30252 Five rounds were fired with T119 slugs,
(M10) propellents. A charge of 7 Ib-41/2 shown in Table I, and 7 lb-4 oz charges
oz of RADl64l54M5)-c~a Ite in an aver - of RAD16415 gave an average muzzle velo-

-avenmuzzeavelocity (?,0 -rounds4- Rds4.a. city (5 rounds, Rds. 39-43, Table I) of
29 Table I) of 1665 fps, with a 1636 fps and an average chamber pres-
cp l C sure of 8, 000 psi.

Table I
Firing Data

Evaluation of RAD 16415 Propellent

DRCSIO Slug TitOEI onth blunt nose
Rounds 1- 38 Rounds 39-43

Round ChorgeWeight Powder Temp Pressure 1 Velocity Recoil Powder
No Ib-o0 (Deg F) (psi -M-3Cu) (fpS) Ib- see Type

7 74 7400 1587 5 Ms
2 7 74 7700 1607

1 7 74 7500 1587 0
4 7-4 74 8700 1647 5
5 7-4 74 8500 - a
6 7-4 74 0500 1645 -27 7-8 04 8400 - - 0

8 7-8 74 '00 1734 8
O 7 -8 74 9100 - - 2
10 7.4 112 74 8400 1674 12
11 74 8700 1665 0
12 74 .00 1657 4
1I 74 8600 1655 0
14 74 8800 1665 5
IS 0 7100 1561 0
16 0 7400 1553 -5
17 0 7100 .. ..
18 0 7700 1596
19 0 7200 1568 -2
20 -28 6800 1523 -9
21 7000 1526 -9
22 7100 1523 -7
23 " - 1511 -5
24 7000 ISIZ -3
25 -40 7000 1507 -7
Z6 6400 - - -15
7 6500 - - -13
28 6500 1523 -15
29 6100 1541 -3
30 7-I 34 70 10z00 1644 0 MIo
31 70 10000 I631 3
32 70 1050n 1635 Z
33 70 10z00 1614 0
34 -40 7400 - - -3
35 7600 1492 -1
36 7500 1484 1 -5
37 700 - - -6 MeO
38 7600 -- -7

31 7 -4 70 0200 1623 17 MS
40 : 7500 1631 21
41 7800 1634 19
4Z 8400 1642 1
43 8300 1639 Is
Notes:
I, Rounds NO. I - 30 were DRCSIO slugs.
2. Round No. 39 - 43 were T11FII , blunt nooe projectile$.
3. Round: No. I - 38 fired in 106.m Rifle TI7OEI Serial No. 50.
4. Round, 39 - 41 fired In 106mm Rifle TI7 EI Serial No. 53.
5. Round. 4Z - 43 fired in 10

6
mm Rifle TIOEI Seril No. 54.

12
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T1 19 PROJECTILE

Initial Trajectory and mark the sight line on the ninth card,
and continue in the same manner with

In an effort to determine the trajectory each of the other eight cards. After each
of the Tll9ElI projectile just after leav- round the impact on each card was mea-
ing the muzzle, five rounds were fired sured and the cards replaced. The im-
through a series of nine cardboard yaw pact points are recorded in Table II and

Pcards placed at distances from 30 ft to the successive impacts of each round ap-
288. 7 f t down range from the muzzle of pear in Figs. 15 through 19. The firing
the T137EZ gun. The procedure followed record for these rounds was presented
was to elevate the gun for impact on an in the Thirty-Fifth Progress Report (Table
18 ft by 18 ft target at 1055 yards, set up IV, page 10).

Table 11
Trajectory Close To The Gun Muzzle

Position of Individual impacts On Nine Yaw Cards

CadDistance Position of Impact (Inches)
Cod fram

Number Muzzle Projectile X362 Projectile X 364 Project le X365 Projectile X(368 Projectile X 370
(f t.) V e rt IHorlz ver t Hoari z. Ve rt Ho rlIz. Vert Horiz Ve rt Hoa r iz.

1 30.0 -. 55 -. 64 -. 30 +.39 -. 30 _'1._08 *..25 +.48 -. 04 +.31P2 60.0 -. 05 +.28 -. 31 +1.34 -. 42 .1.48 -1.27 +1.34 -. 44 +.19
3 70.8 +.02 +.67 -. 55 +1.95 +.0 or .2.24 -2.53 +1.38 -. 48 +.59

4 81.0 -. 39 +.73 -. 59 +2.20 +.22 +1.27 -2.84 +1.69 -.26 +1.09
5 110.7 +.45 +1.73 -1.00 +.80 +.66 +2.56 -3.58 +1.84 -. 42 +1.64
6 121.4 -. 47 +1.06 -. 05 +3.44 -. 88 +1.70 -3.95 +1.92 +.77 -1.75
7 130.6 +.28 -. 45 -1.59 +3.25 -. 70 +3.05 -3.58 +2.80 -. 80 +.89
8 157.4 -. 88 .. 41 -. 73 +3. 05 -1.27 +2 .9 2  -4.39 +3.44 -2.13 .2.50

1 9 1288.7 1 -4.02] +.05 1 -7.05) 1 3.73 -5.31 .6.44 1-8.17 +7. 77 -4.02 +4.33

I Note: The yaw card impact points arc given with reference to the sight line.

Sih ie Center +- - - - iF4,

+ -

For TI I9E * Irj 
l 

.36+
.- .7:TiTi~:;:Fig. I15. Yaw Card Impact Points.

I--.- + 1

M-44-5 .4 *r

IHorizontal Position ot lmpactfnIS- 'F

it~~ 2I :l:F .

30 60 708 81 1117 12L4 130A 1574 2 .
Scale of Yaw Cord Distances f rom Muzzle (ft)
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. -I I

[Sig lt Line C entrEk t

-44

Hor,zontol Position ot im oct, Fig. 16. Yaw Card Impact Points.
..... . . -1 . . .- .For TI 19EI I Projectile X364.

F2_ I I ____I __ I _ -3_ _

l I lI

0 6 el 8 1 1 110 1 314 Q6 1574 2 88,
Scale of Yaw Card Distances from Muzzle (ft.

IT

.SI ht Line Center -- L . 2-1. ...... ,..

. . . . . .. .
'''.... •.... ... .. " : - ... " ' :

-::--: :: : -l~ rzna Pos __ono Fig.a7.tYw nmpct Pints

;:or TI I9E .. P..ro..

E0J60: :::a. 81 107 12. 30, 1.4 +588,J

0 60 0 I 10711 38 17

Scale of Yaw Cord Distances from Muzzle (ft.)
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SI ht Line Center .

0

0..

:i~fhttit :. .Fig. 18. Yaw Card Impact Points.
-.--- For TI 19EI I Projectile X368.

Horizontal Position of impact_

Scale -of Yaw Car d Distances f rom Muzzle (ft.)

5~ ht Line Centerl . ....

+ +

I~~ .~ ...... .... ....................

47I T1 '2 ForH2: T19E I +4ci 30
r- . , ... 4 . .

Scale~Fig 1o. Yaw Card Distanct Proointl.t.

1,6
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In studying the plots showing the corn- box. The range data are given in Table
bined impact points from the nine yaw III.
cards for each of the five projectiles,
it must be remembered that the data have Yaw card data for all five rounds in-
not been corrected for the normal pro- dicate no evidence of failure of the ogive.
jectile drop, e. g. departure of the true Fastax photographs which were obtained
trajectory from the line of sight ( approx- for two rounds (5172 and 5173) also showed
imately 6 inches, 300 ft from the muzzle). the zinc ogive to be intact after launching.
Study of these yaw cards also suggests The spoiler disks apparently separated
that during the early stages of their flight from the ogives on impact and failed to pre-
the projectiles have a precessing motion vent extensive damage to the projectiles
which might result from muzzle blast or caused from contact with the steel side-
other conditions of launching. An ex- walls of the recovery box.
tensive program is being planned to moreexactly define the early trajectory. Low Temperature Test - Four projectiles

conditioned at -40 F were fired, two
Evaluation of Zinc Ogive through yaw cards and down range and

one for recovery. The range data are
Nineteen Tl9Ell projectiles with zinc given in Table III.

ogives were fired at Erie Ordnance De-
pot for evaluation of the ogive. The three projectiles fired down range

were observed to have good flight. The
Strength Test - Five projectiles were recovered projectile was badly damaged;
fired at excess pressures, through yaw however, no failure of the zinc ogive could
cards, into a recovery box. In an at- be detected on the yaw cards.

. ..tempt to improve recovery of the pro-
jectiles, the ogive caps were replaced Satisfactory performance of the zinc
by aluminum spoiler disks. The pur- ogives at -40°F was confirmed by Fastax
pose of the spoiler disk was to reduce photographs of all four rounds. A typical
the nose lift and minimize swerving of the photograph is shown in Fig. 20 for pro-
projectile in the sawdust of the recovery jectile number X693.

J-, Frame r

3r'-Frome muzzimuzzle,

2-ntlFr m e 3 r m muzll

Fig. 20. Typical Fastax Photograph.
TII9EtI Projectile X693

17
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Accuracy Program - An accuracy program calculations. Table IV is the firing record
involving projectiles with zinc ogives was for this program.
fired. The third round fired damaged
the target and when firing was resumed These tests show that the zinc ogive
the following day a group of seven rounds has adequate strength both at ambient
were fired. The probable errors of dis- and low temperatures. The accuracy
per sion for the seven rounds were V. P. E. = obtained with projectiles with zinc ogives
±. 44 mil and H. P. E. =±.44 mil. The first was eauivalent to the accuracy of the stand-
three rounds fired on the first day (Table ard TlI9Ell.
IV) were not used in the probable error

Future Program
1. A program to evaluate a short tail assembled to study the effect of relaxed

assembly for the T119 projectile has been tolerances in the fin assembly. These
started. The new design results in a projectiles will be fired to determine both
stronger tail assembly than that of the mechanical and flight behavior.
present Tll9Ell projectile.

5. Twenty special housings with an O.D.
2. Twenty-five Tll9Ell projectiles of 4.118 - .005 are being machined. This

with zinc ogives are being loaded at Pi.a- design should permit the projectile to
tinny Arsenal. The rounds will be fired emerge from the barrel more smoothly
at Aberdeen Proving Ground to test the than it does at present.
effect of the zinc ogive on penetration.

6. It is planned to fire T119 projectiles
3. Projectiles will be assembled with with several different types of obturating

short and long ogives to determine the bands. There is evidence to indicate that
effect of ogive length upon accuracy. Tests the launching of the projectile might be
will follow. improved with better obturation and in-

creased muzzle spin.
4. Twenty T1l9EIl projectiles are being

18
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T171 PROJECTILE
Three modifications of the T171 pro- Although the Tl71MD3 projectile is

jectile were fired for accuracy and sta- statically and dynamically stable the sta-
bility evaluation at Erie Ordnance Depot bility is marginal and the drag coefficient
at an 18 ft by 18 ft target placed 1000 yards is high. For these reasons and since
from the gun muzzle. Ten projectiles other modifications are more promising
each of MD3 and MD5, and twelve of MD11 the Tl71MD3 will not be tested further.
were fired from a T137E2 rifle equipped
with a 1-20 rifled tube. The projectiles
did not have rotating bands. From spin 3 -

measurements previously made it is es-
timated that the projectiles were rotating 2-
2-3 rps when leaving the tube.

T171MD3 Projectile -

Four of the ten rounds fired of this - + . 6
modification, Fig. 21, were used to de- -2 7 I 2 3 4
velop a charge. The remaining six rounds C. L
hit the target, the probable errors of dis- -l--
persion being V. P. E. = 1 1. 45 mils and
H. P. E. =l. 15 mrils. In general, the rounds 08
flew well but had a large yaw. Rounds -2- 09
5 and 7 were particularly erratic. Fig.
22 is a dispersion chart of the firing and -3-0/0
Table V is a copy of the firing record. ProbableError H=! 1.5,V:± .45

Center of Impact H = I. 44,V= -. 71

Fig. 22. Dispersion Chart.
TI7IMD3 Modification, 1000 Yards.

Fig. 21. TI7IMD] Projectile.

21
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T171MD5 Projectile of the firing record.

Nine of the ten rounds fired of this All nine rounds appeared to fly well
modification, Fie. 23, hit the target, with very little yaw. The retardation
round 8 being deflected by a velocity coil. factor for this projectile is .321 ft/sec/ft
The probable errors of dispersion for the as compared with . 386 ft/sec/ft for the
nine rounds were V. P. E. =±. 50 mil and T171MD3. The German wind tunnel data
H. P.E. =.49 mil. Fig. Z4 is a dispersion had indicated the drag force coefficient
chart of the target and Table VI is a copy of these two types (MD3 and MD5) to be

Fig. 23. TI71MDS Projectile.

3 approximately the same. It is likely that
1 5 the smaller yaw of the MD5 type is re-

12 2- sponsible for the smaller retardation
0 factor. Although the dispersion is ac-

.6 ceptable and the stability satisfactory, no

*.T further tests with this round are planned
130w4  because of the high drag coefficient.

1 I , i +2 * T171MD11 Projectile
-3 2 .- 1 /0 1 -c

- I- Eleven of the twelve T171MD11 pro-
jectiles, Fig. Z5, hit the target. Round
9 hit short because of a sighting error.

-2- Fig. 26 is a dispersion chart of the tar-
get hits. With the exception of round 10

-3 the impact points cluster closely about the

Probable Error H=.+49, V: .50 center of impact. The lower impact point

Center of Impact H=+. 17, V= +.89 for round 10 is consistent with the lower

Fig. 24. Dispersion Chart. muzzle velocity. The probable errors of

TITIMDS Modificaion, IO00 Yards. dispersion were - V.P. E. =±. 53 mil

Fig. 25. TI71MDI I Projectile.

22
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13 and H. P. E. =*. 31 rail. If round 10 is omit-
ted ftom the calculations the probable

errors become V. P. E. =+. 34 rmil and H.
2# 2 7,9P. E. =±. 37 mil. Table VII is a copy of

the firing record.

/ / All of the twelve rounds flew well with
very small yaw and it appears this round

-3 -2 is sufficiently stable for acceptable per-
formance at low spin rates. The retar-
dation factor of . 201 ft/sec/ft indicates
the drag force coefficient is less than
for either of the other modifications tested

7-2  and less than that of the T138E57A pro-
2 ijectile.

Probable lrror H=: ±.31 V±.53
Center of Impact H:-.50,V:+.83

Fig. 26. Dispersion Chart.
TIIMDI I Modification, 1000 Yards.

Future Program

Flight and accuracy tests are planned Progress Report).
for the following projectile modifications:

3. T171MDl1 modification with the tee
replaced by a TI38EZ3M nose (page 19,

1. T171MD11 modification BRL Memo Report 592, A. S. Platou).

2. T171MD10 modification (See pages
17 and 18, Tables IX and X. Fourteenth
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PENETRATION STUDIESScaling Studies 681) inches. Fig. 27 shows the 3.0-inch
DRB667 cone. The flange thickness, toler -Two separate but related scaling studies ances and apex radii were held constanthave been planned. One series is based for all cones but the wall thickness andupon the DRB398 copper cone and the first base register diameter were scaled.

part of this study was presented in the
Thirty-Fifth Progress Report. The sec- The cones were assembled in test as-ond series is based upon sharp apex cones. semblies similar to, but appropriatelyThe results of this last study are presented scaled from, the DRC376 test assembly.
in the following pages. Fig. 28 shows a typical assembly. The

diameter, length, and wall confinementScaling studies have as their primary of the test bodies were all scaled in thepurpose the extension of knowledge gained ratios of the cone diameters 2. 5/3.0/
on the behavior of one size of cones to 3. 5.
other sizes so that the studies do not all
have to be repeated for every different The inspection data for the three seriescaliber of projectile. The cones used in of cones are shown in Tables VIII, IX andthis study were all machined from copper X. In each case the average wall thick-bar and are 45-degree cones with a sharp, ness is slightly less than the specifications
or simple, apex and were scaled in ac- state, but the wall thickness ratios arecordance with charge diameters of 2.5 scaled within 2% of the proper proportion.
(DRB666), 3. 0 (DRB667) and 3. 5 (DRB

- 3.53 -,--

NOTE.

-.01

NOTE :
I ALL INDICATED 5URFALES TO M CONCENTRIC WITiN .00"5T.IR ViTN RESPECT TO 2.998 DIA. _REc-iSTER.2. ALL INDICAT-D 5uRFKF TO BE FLN . PAMLLEL TO WITHIN.005 T..R PERPENDICULAR TO t OF PART.
5 IN'THIS Rri'ON VAIATION IN TRIGHTNESS OR.THICKNESS OF WALL HALL NOT EXCEED I005 N NYtXIALPLANE * WALLTHICKNE5 IN AY TRANVERSE PLANE SHALL N0T EXCEE0 ,001 VARIATION.
4 FINISH f

Fig. 27. DRB667 Sharp Apex Cone.
3.0-inch Charge Diameter.
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Fig. 28. Typical Penetrat ion Test Assembly.
DR0666 (2.5-ick), DRB667 (3.o.;nch) or DRB6SI (3.5-inch) Cones.

Scaling of Standoff close nothing unusual other than the un-
expectedly poor showing of the 2. 5-inch

The penetration data for the effect of charges at long standoff (25 inches). Fig.
standoff are presented in Tables XI to 30 is a generalized plot showing the effect
XIII and are plotted in Fig. 29. The curves of standoff. Both depth of penetration
are of the same general shape and dis- and standoff !are expressed in terms of

T- - ~

I - H- 4

Fig 29 Peetato Vesu Standoff
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.........................

-d -d

:?!.+:?~. ....t ....i ................... ... .... ..

' Fig. 30. Effect of Standoff on Penetration.

Expressed In Terms of Ckercq. Diameters.

charge diameters. Penetration theory CIT-ORD-R18). These curves empha-
predicts that a single curve should ade- size the very great effect of rotation upon

, quately represent the data for these three penetration performance and demonstrates
series of cones. This is seen to be ap- the futility of attempting to obtain sub-
proximately correct for standoff distances stantial increases in the penetration of
up to 4 or 5 charge diameters. At the rotating rounds by simply increasing the
longer standoff distances other factors size of the charge.
such as precision of manufacture, charge
symmetry, etc., become increasingly Fig. 32 is a generalized plot in terms
important and the penetration data be- of the "reduced" penetration and spin rate.
come less reproducible and reliable. The reduced penetration may be defined
It is noteworthy that the curve of Fig. as the observed penetration at the spin
30 is in excellent agreement with the simi- rate w, divided by the non-rotated pene-
lar type of plot for 2. 5-inch and 3.5-inch tratior. The reduced spin rate is the spin
diameter DRB398 type cones reported rate expressed in terms of the relative lin-
in the Thirty-Fifth Progress Report, ear surface velocity of the cone base-coD.

As expected the effect of spin is invariant
Scaling of the Rotational Effect under these transformations and the one

curve represents the data for all of the
The penetration data for the effect of charges quite well. The general appli-

rotation are presented in Tables XIV to cability of this curve is demonstrated by
~XVI and are plotted in Fig. 31. The data the fact that the data shown in the Thirty-

for a 1.63-inch diameter charge, also Fifth Progress Report (Fig. 11) for the
shown in the plot, are for a rather similar DRB398 type cones are also quite ade-
cone and charge, (not scaled directly) quately represented by the generalized
whose performance was reported by Car- curve shown in Fig. 32 of this report.

~negie Institute of Technology in report
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Table VIII
Inspection Data

DR3666 Sharp Apex Cones

Cone Wall Thickness- inches -Max.Variation in Max.Wall Wavi- Concentricity - T.l.R.
No. Wall Thickness- in. ness - inches Base Apex Cone TipMax. Min. Avg. Transv. Long. O.D. I.D. Datum Datum in Assembly

Specification
-9D 666 .071 .066 .001 .003 OO_ & .00 _ 0 0 .O3O 015 _ _1 .ina l

RIO .068 .066 .0670 <.001 .002 .001 .003 .0010 .0010 .007
R102 .070 .068 .0689 .001 .00Z .001 .005 .0010 .0010 .004
R103 .069 .067 .0681 .001 .002 .001 .003 .0010 .0010 .003
R104 .070 .068 .0692 .001 .002 e. 001 .002 le. 0010 .0010 .004
RIOS .069 .068 .0685 <.001 .001 .001 .002 <.0010 C0010 .006
R106 .069 .067 .0680 <.001 .002 .001 .003 .0010 0010 .002
RI07 .069 .066 .0672 .001 .003 .001 .003 .0010 0010 .010
R108 .068 .067 .0675 .001 .001 .001 .002 .0010 .0010 .003
R109 .068 .066 .0673 .001 .002. .001 .003 .0010 .0010 .002
R10 .069 .067 .0684 .001 .002 .001 .002 .0010 0010 .004
Rill .069 .067 .0685 .001 .002 .001 .003 e.0010 .0010 .005
RII2 .069 .068 .0687 .001 .001 .001 .002 <. 0010 (0010 .013
R113 .068 .067 .0676 .001 .001 .001 .003 <. 0010 0010 .001
R114 .068 .066 .0674 .001 .002 .001 .002 <.0010 (0010 .002
R115 .068 .066 .0671 .001 .002 .001 .003 <.0010 .0010 .006
R116 .068 .067 .0675 4.001 .001 .001 .003 <.0010 .0010 .006
R117 .069 .068 .0685 <.001 .001 .001 .002 <.0010 .0010 .001
R118 .069 .069 .0690 <.001 .001 .001 .002 <.0010 ,0010 .006
R119 .069 .067 .0680 <.001 .002 .001 .002 <.0010 .0010 .002
R120 .069 .067 .0682 .001 .002 .001 .003 .0010 .0010 .004
R121 .069 .066 .0680 .001 .002 .001 .002 .0010 .0010 .009
R122 .069 .066 .0673 .001 .003 .001 .003 z. 0010 .0010 .006
R123 .069 .067 .0680 <.001 .002 .001 .003 z. 0010 .0010 .001
R124 .069 .067 .0685 .001 .002 .001 .003 <.0010 .0010 .001
R125 .068 .065 .0668 .001 .003 .001 .003 .0010 0010 .007
R126 .068 .066 .0671 .001 .00Z .001 .003 <.0010 J0010 .003
R127 .069 .067 .0682 .001 .002 .001 .002 .0010 .0010 .005
R128 .068 .066 .0671 .001 .002 .001 .003 <.0010 .0010 .004
R179 .069 .067 .0682 .001 .002 .001 .004 <.0010 e,0010 .013
R130 .069 .067 .0681 .001 .002 .002 .003 .0010 10010 .003
R131 .070 .067 .0685 .001 .002 .001 .003 .0010 j0010 .007
R132 .070 .069 .0695 <. 001 .001 .001 .003 <.0010 0010 .004
R133 .069 .065 .0670 .001 .003 .001 .004 .0010 .0010 .005
R134 .068 .065 .0668 .001 .003 .001 .004 <.0010 .0010 .008
R135 .069 .067 .0680 <.001 .002 .001 .003 c.0010 0010 .001
R136 .069 .067 .0682 .001 .002 .001 .002 .0010 .0010 .004
R137 .069 .067 .0681 .001 .002 .001 .005 <.0010 0010 .006
R138 .070 .069 .0698 .001 .001 .001 .003 .0010 S0010 .003
R139 .068 .067 .0676 .001 .001 .001 .003 <.0010 10010 .002
R 140 .068 .067 .0676 ,.001 .001 .001 .001 .. 0010 0010 .003
Average .0688 .0669 .0680 .0010 .0019 .0010 .0033 .0010 .0010 .0047
Std.
Dev. :. 0006 t.0010 +.0008 --- i.0006 ---- 1.0008 -------- - .0030

Notes:
I . The lower datum is .484 inch above base; the upper datum is 2.12 inches above base.
2. The indicated measurement at each datum is the total indicator runout of the liner'

outside surface relative to the register diameter. The difference between the runout
at the two datum planes is an indication of the lack of perpendicularity of the register
plane and the liner's axis.
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Table IX
Inspection Data

DRB667 Sharp Apex Cones

Wall Thickness (in.) Maximum Variation in Max. Wall Concentricity- T.l.R
Cone No. Wall Thickness (in.) Wain t Base t Apex Cone TipMax. Min. I Avg. Transverse]Ln Itudlnal . .. Datum Datum in Assembl

Specification
DRB-667 .086 .081 -- 001 .003 .003 .003 .0030 .0030 015(no"i

R141 .085 .084 .0845 <.001 .001 C.001 .002 <.0010 <.0010 .003
R142 .083 .083 .0830 c .001 4.001 <. 001 .001 .0010 .0010 .010
R143 .083 .083 .0830 <.001 4.001 .001 .003 < .0010 < .0010 .004
R144 .083 .081 .0820 <.001 .002 .001 .002 <.0010 <.0010 .006
R145 .085 .083 .0848 .001 .002 <.001 .002 .0010 .0010 .013
R146 .085 .084 .0845 <.001 .001 <.001 .004 -f. 0010 <. 0010 .005
R147 .083 .081 .0822 .001 .002 .001 .002 <.0010 <.0010 .005
R 148 .085 .084 .0845 <.001 .001 .001 .003 <. 0010 <.0010 .007
R149 .083 .081 .0822 .001 .002 <.001 .002 <.0010 <.0010 .005
R150 .084 .082 .0838 .001 .002 .001 .002 4. 0010 .0010 .010
R151 .083 .081 .0821 .001 .002 <.001 .002 <.0010 ..0010 .008
R152 .084 .083 .0836 .001 .001 .001 .002 .0010 .0010 .012
R153 .083 .081 .0820 <.001 .002 .001 .003 4.0010 <. 0010 .004
R154 .085 .084 .0849 .001 .001 <.001 .001 < .0010 <.0010 .022
R155 .083 .082 .0825 < .001 .001 .001 .002 <.0010 <.0010 .007
R156 .084 .081 .0825 .001 .003 .001 .003 <.0010 <. 0010 .009
R157 .084 .08Z .0830 <.001 .002 <.001 .003 <.0010 <.0010 .006
R158 .083 .081 .0821 .001 .002 <.001 .002 <.0010 <.0010 .007
R159 .084 .083 .0835 <.001 .001 .003 .002 .0010 .0060 .003
R160 .084 .081 .08Z6 .001 .003 <.001 .003 .4.0010 .0010 .007
R161 .083 .081 .0829 .001 .003 <.001 .003 <.0010 .0010 .006
R16Z .084 .082 .0835 .002 .002 .002 .002 .0010 .0020 .004
R163 .081 .079 .0812 .001 .002 <.001 .002 <.0010 .0010 .006
R164 .083 .080 .0820 .001 .003 .001 .004 <.0010 <.0010 .006
R165 .084 .082 .0830 < 001 .002 <.001 .002 <.0010 <.0010 .010
R166 .085 .081 .0829 .001 .004 .001 .003 .0010 .0010 .004
R167 .083 .081 .0821 .001 .002 <.001 .002 .0010 .0010 .004
R168 .084 .079 .0818 .001 .005 <.001 .004 .0010 .0010 .004
R169 .084 .081 .0829 .001 .003 <.001 .003 <.0010 <.0010 .004
R170 .084 .081 .0825 <.001 .003 <.001 .003 <.0010 <.0010 .005
R171 .084 .083 .0834 .001 .001 <.001 .003 <.0010 <.0010 .004
R172 .083 .080 .0816 .001 .003 .002 .004 <.0010 -C. 0010 .005
R173 .083 .080 .0815 < .001 .003 .002 .005 <.0010 <.0010 .009
R174 .084 .082 .0836 .002 .002 <.001 .003 .0010 .0010 .005
R175 .084 .082 .0830 -< .001 .002 <.001 .004 <..0010 .. 0010 .009
R176 .084 .081 .0831 .002 .003 et.001 .004 <.0010 .0010 .007
R177 .084 .081 .0828 .001 .003 <.001 .003 <.0010 <..0010 .009
R178 .084 .082 .0834 .001 .002 .002 .003 C. 0010 .0020 .015
R179 .084 .083 .0835 <..001 .001 <.001 .003 <.0010 4.0010 .015
R180 .084 .083 .0835 <.001 .001 .001 .003 .0010 .0010 .007
AVG. .0837 .0818 .0829 .0007 .0020 .0012 .0026 .0010 .0005 .0073

(9 ±.0008 :t.00271.0009 +.0004 +.0010 ±.00044-.0009 --. .0010 & 0038
Notes: The base datum is located . 484 in. above the cone base; the apex datum 2. 544 in. above the cone base.
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Table X
Inspection Data

DR3681 Sharp Apex Cones

Cone Wall Thickness (inches) Max.Variation in Max. Wall Concentricity- T.I.R.
N . Wall Thickness (in.) Waviness (in.) Base Apex Cone Tip inNo. JMax. Mn. Avg. Transversel Lon itud. 0. D. I. D. Datum Datum Assembly

Specification
DRB681 .100 .095 .001 .003 .003 .003 .0030 .0030 .015 Nominal
R181 .099 .097 .09 001 •00 .001 .001 .0020 .0020 .004
R182 .098 .097 .0975 <.001 .001 .001 .002 .0020 .0020 .013
R183 .098 .095 .0965 <.001 .003 .001 .005 .0020 .0030 .004
R184 .098 .097 .0975 < .001 .001 .001 .003 .0030 .0030 .005
R185 .099 .095 .0971 .001 .004 .002 .004 .0020 .0020 .003
R186 .098 .098 .0980 -001 < .001 .001 .002 .0010 .0010 .002
R187 .099 .098 .0984 .001 .001 .001 .003 .0030 .0020 .005

A R188 .098 .097 .0973 .001 .001 .001 .003 .0010 -. 0010 .002
R189 .098 .097 .0978 .001 .001 < .001 .004 .0020 .0020 .010
R190 .098 .097 .0973 .001 .001 .001 .002 .0020 .0020 .006
R191 .099 .098 .0985 .001 .001 < .001 .003 .0020 .0020 .003
R192 .098 .098 .0980 <.001 < .001 .001 .003 .0020 .0030 .005
R193 .103 .099 .1005 .002 .004 .001 .006 .0030 .0030 .003
R194 .101 .098 .0995 .001 .002 < .001 .003 .0030 .0030 .003
R195 .100 .098 .0990 <.001 .00? .002 .004 .0010 <.0010 .003
R196 .099 .098 .0983 .001 .001 .001 .002 .0020 .0010 .002
R197 .098 .097 .0989 .001 .001 .001 .003 .0030 .0030 .004
R198 .099 .098 .0985 <.001 .001 .001 .002 .0020 .0020 .001
R199 .098 .096 .0963 .001 .002 .002 .003 .0010 S.0010 .002
RZ00 .098 .095 .0964 .001 .003 < .001 .003 .0010 .0010 .003
R201 .097 .096 .0965 <.001 .001 .001 .003 .0030 .0030 .008
R202 .098 .097 .0975 <.001 .001 < .001 .003 <.0010 <.0010 .002
R203 .098 .095 .0965 <.001 .003 < .001 .003 .0010 .0010 .004
R204 .098 .098 .0980 <.001 < .001 < .001 .002 .0020 .0010 .004
R205 .097 .096 .0978 .001 .001 .001 .001 .0010 .0010 .004
R206 .098 .097 .0978 .001 .001 .001 .002 .0010 .0010 .005
R207 .099 .098 .0985 <.001 .001 .001 .003 .000 .0010 .003
R208 .098 .098 .0980 <.001 < .001 .001 .004 .0010 .0010 .003
R209 .098 .098 .0980 <.001 < .001 .001 .002 .0010 <.0010 .002
R210 .098 .098 .0980 <.001 < .001 .001 .003 .0020 .0010 .004
R211 .098 .097 .0963 .001 .001 < .001 .003 .0010 .0010 .009
R212 .099 .097 .0973 .001 .001 .001 .003 .0010 .0010 .006
R213 .098 .098 .0980 <.001 < .001 .001 .003 .0020 .0030 .003
RZ14 .099 .098 .0985 <.001 .001 .001 .003 .0030 .0020 .001
RZ15 .098 .095 .0969 .001 .003 .001 .004 .0010 <.0010 .003
R216 .097 .097 .0970 <.001 < .001 < .001 .001 .0010 <.0010 .006
R217 .101 .099 .0999 .001 .002 .001 .004 .0010 .0010 .007
R218 .099 .097 .0984 .001 .002 .001 .003 .00Z0 .0020 .003
RZ19 .099 .098 .0985 <.001 .001 .001 .003 .0010 .0020 .003
R220 .099 .098 .0985 <.001 .001 .002 .004 .0030 .0030 .004

A Average .0986 .0972 .0978 .0010 .0013 .0009 .0030 .0017 .0016 .0042
Std
Dev. +.0011 +.0011 +.0002 .... +.0010 +.0005 +.0010 +.0008±.0010 i.0024

Notes:
1. Lower datum is .484 inch above base; upper datum is 2.968 inches above base.
2. The indicated measurement at each datum is the total indicator runout of the liners

outside surface relative to the register diameter. The difference between the runout-NI at the two datum planes is an indication of the lack of perpendicularity of the register
plane and the liners axis.
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Table Xl
Penetration Data

DR8666 Sharp Apex Cones
Effect of Standoff

Round Comp B Standoff Penetration Max Spread Std. Dev
No (lbs) (inches) (Inches M.S.) (Inc hes) (Inches)

RI01 .94 5.4 14.31
R102 .94 14.44
R103 .94 13.75
R104 .96 13.69
RI05 .96 12.56

Avg. 13.75 1.88 +.75

R106 .96 10.7 17.50
R107 .94 13.38
R108 .94 18.31
R109 .96 13.31
R110 .94 15.25

Avg. 15.55 5.00 ±2.31

RIl .96 18.0 15.18
RI12 .94 18.00
RI13 .94 15.81
RII4 .96 1 z.69
RII5 .94 17.62

Avg. 15.86 5.31 ±2.14

R136 .94 25.0 11.25
R137 .94 11.18
R138 .94 7. 69
R139 .94 10.69
R140 .96 Av 10.12

Avg. 10. 19 3.56 ±1.33

Notes:
1. Rounds assembled with DRC505-1 bodies, plugs and rings (No. 2).
Z. Loaded at Ravenna Arsenal, BAT Lot No. 29, with Composition B

from Holston Lot No. 4-1197.
3. Tested without rotation at Erie Ordnance Depot.

Table Xll
Penetration Data

DRB667 Sharp Apex Cones
Effect of Standoff

Round Comp B Standoff Penetration Max.Spread Std Dev
No. (Ibs) (inches) (inches M S.) (inches) (Inches)

R141 1.64 6.4 16.69
R142 1.64 "16.88
R143 1.66 15.44

R 144 1.64 "17. 12
R145 1.66 16.44

Avg. TW.-5 1.68 +.66

R146 1.64 12.9 18.56
R147 1.66 17.75
R148 1.64 18.56
R149 1.66 18.69
RISO 1.62 " 18.31

Avg. 18.37 0.94 +.38

RI51 1.60 21.4 16.81
R152 1.62 " 19.69
RI.53 1.62 16.94

R154 1.64 15.88
R155 1.64 15.88

Avg. T7.04 3.81 +1.57

R176 1.64 30.0 19.94
R177 1.62 16.62
R178 1.64 13.81
R179 1.58 ' 13.88
R180 1.60 17.00

Avg. 175 6.13 ±2.55

Notes:
1. Rounds assembled with DRC506-1 bodies, plugs and rings (No. 2).
2. Loaded at Ravenna Arsenal, BAT Lot No. 29, with Composition B

from Holston Lot No. 4-1197.
3. Tested without rotation at Erie Ordnance Depot.
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Table Xill
Penetration Data

DR68I Sharp Apex Cones
Effect of Standoff

Round Camp B Standoff Penetration Max Spread Std Dev
Na. (lbs) (Inches) (inches M S) (inc hes) (Inches)

R181 2.54 7.5 21.12

R183 2.56 20. 31
R184 .56 " 20.18
R185 2.56 20.88

Avg. 20.84 1.51 +.62

R186 2.54 15.0 23.69
R187 2.56 22.62
R188 2.56 23.25
R189 2.54 22.56
R190 2.52 23.00

Avg. 23.02 1.13 +.47

R191 2.54 25.0 25.00
R192 2.54 23.44
R193 2.56 24.25
R194 2.54 25.69

R195 2.54 24.88

Avg. 24.65 2.25 !.85

R216 2.58 35.0 23.69
RZ17 2.54 23.31
R218 2.54 24.18
R219 2.54 23.88
R220 Z.56 23.50

Avg. 23.71 0.87 +. 34
Notes:

1. Rounds assembled with DRC376 bodies, plugs and rings (No. 2).
2. Loaded at Ravenna Arsenal, BAT Lot No. 31, with Composition B

from Holston Lot No. 4-1197.
3. Tested without rotation at Erie Ordnance Depot.

Table XIV
Penetration Data

DR8666 Sharp Apex Cones
Effect of Rotation

Roin d Comp8 Penetration Max Spread Std Dev.
Na. (Ibs) Rev/See (inches M.S.) (inches) (Inches)

RIOl .94 0 14.31
RIOZ .94 14.44
R103 .94 13.75
R104 .96 13.69
RI05 .96 12.56

NEW Avg. 13.75 1.88 +.75

R116 .94 25 13.18
R117 .96 13.62
R118 .96 13.31
R119 .96 12.56
RIZO .96 12.75

Avg. T3.08 1.06 +.41

RIZ1 .94 45 10.12
122 .96 10.00-Mika- R123 .96 9.25

No w R124 .96 8.18
R125 .96 10.00

Avg. 9.51 1.94 +.82

R126 .94 90 5.00
R127 .96 5.38
R128 .94 5.50
R129 .94 5.38
R130 .94 6.18

Avg. 54 1.18 +.43

R131 .94 180 3.88
R132 .94 " 4.38
R133 .96 4.12
R134 .96 " 4.81
R135 .94 " 4.38

Avg. 4.31 .93 +.34

Notes:
1. Rounds assembled with DRCSOS- bodies, plugs and rings (No. 2.)
2. Loaded at Ravenna Arsenal. BAT Lot No. 29, with Composition B

from Holston Lot No. 4.1197.
3. Testes at Erie Ordnance Depot using a standoff of 5.4 inches.
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Table XV
Penetration Data

DRB667 Sharp Apex Cone
Effect of Rotation

Rvuof Comp B PR I Penetration Max Spre d Std Dv
No Otis (inch ee 5768 M S) U(h Che) (inches)

1,I. I..,

711 I.t ?I

l I~ IL. . I

14 14. 18A. 16.51 1.1,8

I.t , 1 4.69
4, .18 6 .41III., 1

1., 911278

Avg . 8 1.71 1.4.4
016 i7 l. "' 9.18

111l,8 I.i 7Z ' .88

11 : 1.6.1 1.1

Avg. 8.97 .93 .16178 1.62 l0O'.64

'l2 lb'l 4 "181

It164 1.1 4.00

I. 64 41 12

1:? 1.-d 6,R, 1 *,I1*de, Ii.81 i," 10 )

2 _,l I, A .II t.6 N4.2, iI,, pt1

Jro_ loiston I.. No. 4-1117.

3. Ot-ted 1t 6.40 1ch standol at Erie t'rdnance Depot.

Table XVI
Penetration Data

DR8681 Sharp Apex Cone
Effect of Rotation

Round Comp a Rev/Sec Penetrotion Max Spread Std Dew
NO (bs.) (inches MS) (Inc he$s) (Inche s

R181 2.54 0 z1.l2
R182 2.06 21.69
R183 2.56 2 0.31
R184 Z. 56 0.18
R185 2.56 2.88

Avg. 20.84 1.51 0.62

R196 2.58 20 16.31
1R197 2.56 15.62

R198 2.56 16.94
R199 Z. 54 " 15.94
R100 Z.56 17.06

Ag. 1 . 37 1.44 t.63

Rz01 Z. 58 45 9.25
RZOZ 2. 54 18.75
RZ03 Z.56 11.18
R204 z. 58 1.31
R205 2.56 10.18

Avg. 10.33 1.93 1 _.73

R206 2.54 98 7.56
16207 2.56 7.06
R18 2.56 7. 12
R289 2. 56 7.06
R210 2.52 8.38

Avg. -. 44 1.32 t.57

R213 Z.56 140 8.00
R214 2.54 7. 25
RZ15 2.56 6.31

Avg. 7.19 1.69 t.85

R1I 2.54 18 7.88

R212 2. 4 7.25

Avg. 7.57 .63

Notes:
I. Rounds ..senbled with DRC376 bodies, plugs and ings (No. 2).
Z. Loded at Ravenna Arsevnl, BAT Lot #31, with Composition B from

Holaton Lot No. 4.1197.

3. Tested at 7. Sinch standoff at Erie Ordnance Depot.
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Future Program

1. Scaling Studies b. .100-inch thick copper shell and
.020 and . 040-inch aluminum insert (24S-

One series of DRB398 type cone scaled T4).

in the ratio 90/105 remains to be tested.

These data will complete this phase of c. Same as (a) and (b) but using 2S-F

the scaling studies. Additional studies aluminum instead of 24S-T4.

with cones of another apex angle are being
planned. d. Same as (b) but using two stamped

2S inserts in each cone.

2. Cones Made of Zinc and Aluminum
are to be tested for penetration. Pene- e. Same as (b) except aluminum is

trations approaching those of copper cones sprayed (metalized) into inside of cone

have been reported for certain aluminum and then machined to final dimensions.

and zinc alloys.
4. Effect of Internal Tee Contour. Two

3. Composite Cone Study. A series new designs, in which the length of the

of tests using copper cones with aluminum .875-inch bore of the DRC314HWIl tee

inserts will be tested, is shortened, are to be compared.

a. . 080-inch thick copper shell and
.020 and . 040-inch aluminum insert (24S-
T4).
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FUZES
Testing T267 Type Base Elements at Erie Ordnance Depot under the same

conditions as the previous unsatisfactory
The last reported test firing of the T267 test. Nine rounds set superquick func-

base elements (Page 21 of Thirty-Fifth tioned superquick. One round set delay
Progress Report) was unsatisfactory and failed to function. The firing record is
for this reason the remaining elements given in Table XVII.
of the lot were subjected to a careful in-
spection. In the attempt to locate the difficulty

in the delay functioning the explosive train
It was discovered that the holes for was investigated. Test fuze slugs were

the setback pins were not deep enough fired in an air gun and it was discovered
by .010 in. This permitted a condition that the delay detonator was firing properly
whereby function could occur only by corn- but the next unit of the explosive train
pressing the setback spring to less than was not being initiated consistently. To
its solid height. This is only possible correct this situation the train was altered
by the overlapping of the coils, by removing the tetryl lead, filling the

resultant space with an aluminum plug,
The holes for the setback pins were altering the detonator sleeve, and insert-

drilled .020 in deeper. Ten rounds with ing an M7 relay as shown in Fig. 33. This

the thus revised base elements were fired system functioned well in air gun tests.

DRB-405 Modified M2 DRA-966 DRB-405Modified M2 DRA-966
Delay Element Detonator Sleeve Delay Element Detonator Sleeve 1

Fig. 33. Alterations in Explosive Train.

Future Program

1. Modify the remaining T267 fuzes 2. Begin fabrication of a new lot ofto accept the M-7 relay and test fire the fuzes incorporating the changes indicated
system at Erie Ordnance Depot. by the investigations this report period.
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MANUFACTURING SUMMARY

In addition to the experimental material Firestone's Defense Research Division,
prepared for the research and develop- in shipping these items, transfers custody
ment work under contracts DA-33-019- and control of the items to the receiving
ORD-33 and DA-33-019-ORD-ZOZ, de- agencies. However, personnel of De-
scribed in preceding progress reports fense Research Division will continue
and in the preceding pages of this re- to collaborate with personnel of the other
port, the following have been manufactured installations.
and shipped to the installations indicated.

I. Cartridges, Tll9EI1, Metal Parts Assembly, w/o Fuze T208E7

Prior to July 1, 1953 5985 All Shipments
July 2, 1953 300 (Inert) Milan Arsenal
July 9, 1953 300 (Live) Milan Arsenal
July 13, 1953 10 (Live) Picatinny Arsenal
July 16, 1953 300 (Inert) Milan Arsenal
July 16, 1953 100 (Live) Milan Arsenal
July 24, 1953 300 (Inert) Picatinny Arsenal

July 31, 1953 200 (Live) Picatinny Arsenal
July 31, 1953 z00 (Inert) Picatinny Arsenal

Total 7695

II. Rifles, T17OEI for ONTOS

Prior to June 30, 1953 24 Aberdeen Proving Ground
June 30, 1953 6 " 

III. Mounts, T173, and T26 Tripod for ONTOS

Prior to June 15, 1953 1 Allis-Chalmers
June 23, 1953 1 " "t

IV. BAT Systems, Less Jeep (T170EI Rifles, T149E3 Mounts)

Prior to July 1, 1953 5 Aberdeen Proving Ground
July 13, 1953 1 Harvey Machine
July 31, 1953 3 Aberdeen Proving Ground
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DISTRIBUTION
Number

of
Copies NUMBERS INSTALLATION

Office, Chief of Ordnance
1 1 ORDTS
2 2-3 ORDTA
1 4 ORDTQ
1 5 ORDTB
1 6 ORDGU-SE
1 7 ORDTU
1 8 ORDIM

Arsenals
10 9-18 incl. Frankford
2 19-20 Picatinny
1 21 Springfield Armory
2 22-23 Redstone

Ordnance Districts
1 24 Cleveland

Aberdeen Proving Ground
2 25-26 Ballistics Research Laboratory
1 27 Development and Proof Services

Contractors
2 28-29 Frigidaire Div. Gen. Motors Corp.
1 30 Winchester Repeating Arms Co.
1 31 Remington Arms Co.
1 32 National Forge & Ordnance Co.
2 33-34 Midwest Research Institute
2 35-36 Armour Research Foundation
1 37 Carnegie Institute of Technology
1 38 Arthur D. Little Co.
1 39 The Budd Company
1 40 Franklin Institute
1 41 Chamberlain Corporation

U. S. Navy
1 42 Bureau of Navy Ordnance
2 43-44 Naval Ordnance Laboratory,

White Oak
2 45-46 Naval Ordnance Test Station,

Inyokern
1 47 Naval Proving Ground, Dahlgren
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